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1- Introduction

Using the high temperature of self-progressive combustion
synthesis method, especially for aluminothermic systems,
is a new approach for making all kinds of intermetallic
compounds, ceramics and composites with high melting
point and hardness. In this process, due to the self-
progressive and exothermic reactions between the
components in the initial mixture in liquid state, the matrix
metal and reinforcing phases are in situ formed. So that,
the phase oxides are placed in the surface layer and a large
amount of impurities evaporate resulting a two layer
composite with high purity. By combining the mechanical
activation and combustion synthesis processes, the
chemical reaction takes place at a lower temperature and
at a higher speed reaching a composite with nanostructure.
In this work, to investigate the possibility of formation of
intermetallic compounds such as aluminide, silicide and
chromide, the AI-Cr,03-Si, Al-Fe;0s-Cr,03-NiO, Al-
Fe203; and Al-Cr,03, Al-Fe203-Cr,03 systems, two cases
of stoichiometry and excess aluminum content were
considered and the synthesis process was studied by
thermal analysis and phase composition (X-ray
diffraction) investigations.

2- Experimental method

The percentage composition of the powder mixtures used
in different stages of the research, calculated based on the
stoichiometric coefficients of their respective reactions,
which is given in Table 1. In order to homogenize and
activate mechanically the powder mixture samples, they
subjected to the grinding process in a planetary grinding
machine (Nanoshot PBM 210 model, teflon chamber with
a volume of 300 cm?, weight ratio of alumina balls to
powder equal to 5, argon gas atmosphere, planet rotation
speed of 80 rpm, and chamber rotation speed of 380 rpm)
for 150 minutes. All the samples subjected to differential
thermal analysis using the DTA-TG device, STA 504,
BAHR, Germany, under argon atmosphere with a heating

rate of 10 °C/min. Phase composition of samples were
analyzed using X-ray diffractometer, X'Pert PRO MPD,
Cu-Ka with a wavelength of 1.5406 angstroms,
accelerating voltage of 40 kV and current intensity of 30
mA, scanning step time of 2 seconds and scanning step
size of 0.02 degrees. By using X'Pert High Score software,
the types of phases in the diffraction pattern have been
identified.

Table 1 Chemical composition (weight percent) of the
powder mixture samples studied in the thermal analysis
process

sample | Al Fe,03 | Cr,0; | NiO | Si Fe | Re.
S1 40 60 - - - - 1
S2 - 65 - - - 2
34.7
+
7
S3 25 - 55 - 20 - 3
S4 16.5 154 19 7.2 - 41.9 4
+
3.3
S5 - 68 - 32 - - 5

1- 4Al+Fe203 — Al2Os+2FeAl
2- 3Al +Cr203 + XAl— Al2Os+ Cr2Al +xAl
3- 5AI+2Cr203+4Si — 2Al203+Cr2Al+2CrSiz
4- 1.05Fe+0.135Fe203+0.175Cr203+0.135NiO+ 0.71Al —»
1.275Fe+ 0.35Cr +0.135Ni+0.355Al203
5-Fe203 + NiO — NiFe204

3. Results and discussion

According to Fig. 1, for the aluminum-iron oxide system,
two endothermic peaks are observed at 100°C and 665°C,
which are related to moisture evaporation and aluminum
melting processes, respectively. By melting aluminum, the
aluminothermic self-ignition reaction is intensified, besides
iron reduction and aluminum oxide formation increasing the
slope of the DTA curve. According to the X-ray diffraction
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results in Fig. 2, the presence of an exothermic peak at
897°C can be related to the alumino-thermic reaction and
formation of alumina and FeAl intermetallic compound.

0 897 °C

15 828°C _

10 Y

DTA ()

0 200 400 600 800 1000 1200
Temperature (°C)

Fig. 1- Thermal analysis curve for sample S1
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Fig. 2- X-ray diffraction pattern for sample S1 after thermal
analysis.

According to the results of thermal analysis and X-ray
diffraction, for the aluminum-chromium oxide system, the
temperature of combustion peak is 942 °C and the main
phases of aluminum oxide and chromium and some
dechrome aluminide are formed as secondary phases. For
the combustion system of aluminum, silicon and
chromium oxide, the results of X-ray diffraction showed
the formation of chromium silicides, but chromium
aluminides are not observed, which indicates the higher
stability of chromium silicide than chromium aluminide.

5Cr + 3Si — CrsSiz  AG = -202 Kj/mol )]

5Cr + 8Al - CrsAlg  AG = -182 Kj/mol 2

According to the thermal analysis results for this
system, the combustion peak of aluminothermic occurs at
the temperature of 1200 °C. Chromium silicides, CrsSiz
and CrSi, are formed at temperatures of 1326 and 1404°C
respectively. The formation of chromium silicate phase in
this system can be the result of silico-thermic reaction and
the reduction of chromium oxide by silicon.

The results of thermal analysis for the system of
aluminum, iron oxide-chromium oxide and nickel oxide
(Fig. 3) showed three exothermic peaks at temperatures of
315, 864 and 1000°C, which according to the results of X-
ray diffraction (Fig. 4), are related to the formation of
AlisFes intermetallic composition, Al,Os; formation
through aluminothermic reaction and solid solution phase
formation with Feo7Cro.19Nio.11 chemical composition
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Fig. 3- Thermal analysis curve for sample S4.
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Fig. 4- X-ray diffraction pattern for sample S4 after thermal
analysis

The formation of iron aluminide compound can be due to
the presence of excess iron and aluminum in the primary
system, which strengthens the formation of this
compound. The endothermic peak at 1509 °C corresponds
to the melting of the metal phase of the solid solution
(close to stainless steel).

4. Conclusions

Adding aluminum in the primary aluminothermic mixture
in addition to the stoichiometric amount causes the
formation of intermetallic compounds of iron aluminide
and chromium aluminide as secondary phases in the
sample after thermal analysis. 2. With the presence of
silicon in the primary aluminothermic mixture, chromium
silicide compounds are formed instead of chromium
aluminide. 3- In the Al-Fe;03-Cr,03-NiO system, the
metal phase of stainless steel is formed with the
combination of Feg7Cro.19Nio.11 and Al,O3 ceramic phase.
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Thermal and Phase Analysis of Aluminothermic Self-Propagation Process
in Al-Fe203-Cr203-NiO System

Saed Soltani Mahdi Kalantar Mohmmad Reza Pahlavan Shamsi

Abstract The high temperature self-progressive combustion synthesis method, especially for aluminothermic systems,
is a new method for making all kinds of intermetallic compounds, ceramics and composites with high melting point and
hardness. In this study, first the homogenized powder mixtures in the desired ratio in alumino-thermic systems of Al-
Fe20s, Al-Cr20s, Al-Cr20s-Si, Al-Fe;03-Cr203-NiO and Fe;O3-NiO is subjected in differential thermal analysis process
and then, the phase composition (X-ray diffraction) of the thermal analyzed samples has been investigated. The
obtained results indicate the formation of intermetallic compounds of iron and chromium aluminide as secondary phases
with the presence of excess aluminum over the stoichiometric values in the thermally analyzed samples. In addition,
with the presence of silicon in the aluminothermic mixtures, chromium silicide compounds are formed instead of
chromium aluminide. For the Al-Fe;Os3-Cr,03-NiO system, the metallic phase of stainless steel with a ratio of
Feo.7Cro.19Nio.11 and the ceramic phase of Al,Os.are formed. For the Fe,Os- NiO system, only nickel ferrite is formed.

Key words: Self-combustion synthesis process, Alumino-thermic system of Al-Fe,O3-Cr,03-NiO, Thermal analysis,
Phase analysis

Bl VEVN Y OT oy sl 5 VEVV/E Wlie il s 5l
By o8l (5, 0ke 5 Odme e aKils (Al Wl 8 (V)
Email: mkalantar@yazd.ac.ir 55 o &ils (g5 le 5 Odme 0dSls (g dlie g ol ge wdige s Ll i stas edies 55 (Y)

s Al ol b s b ol Lkl (F)



https://jmme.um.ac.ir/article_43299.html?lang=fa
https://jmme.um.ac.ir/
ttps://orcid.org/0000-0002-3713-215X
https://jmme.um.ac.ir/article_43299.html?lang=fa
mailto:mkalantar@yazd.ac.ir

S st I s s A5 (S5 s ol el

[12-21] sl assls (adloe T ¢l o pasta) sl
Ll Gl L Ol Sl e sl s
o Sl e glaanl by (SEKe @ledled) 58kl
dowy SuiaelS Bl SGw Golea Loy Jlrle gl ol S
Sty el Sl S sy SUe iledls [22:24]
@A Sl il 5 e e g Sa e
O B B R e
sles 3 Sl g a5 bl STy &S g5k
Wl b o Fopl S e plall i o b S
Slles) Sl g+ (D) SO ssledl
43 AM%K;;:M\ 5w el Ol s sl LUl (550 >
(oA 50k s pamd e edle 5 alils 1) Cysels
AW e BB sba (S s SSes Ll Jsams
L sl 80 5 oo D ) Doy oddle By) a4 s
A e VL SO ol 5 oS1E L s B s slasl
2 oS Sl bl Sl ol s ol [25:27]
@b (s 4 3 C1203 NI\ Ti BiC LS 5 ol L
dol> oyl s cwl edd wlsl Al-Fe0s
WS o DS S Gy G Dl b ol gladln S
Lo, o Sl g3l 5 NiFe AICrFe AlFe | TiB,
5 an s [28-33] ol am S Ss LT ol
Ol gty (Cr03) (zd bas o5 8 ST 5l ol ool Solallas
S=Sls 5> €0y (b id psS Sl Sl
ol el Wl s [34] Wlesgas eslizad Ko 5 e S
0F Ly 53V ed8) VL Gl gles 5 bl S oSl
el b dbe Ol e coel (Y 5V Sy Gillae Js35ks
.Al-Fe;03-Cr,03-NiO-Fe (s 3 Cr203 sl 45 CrOs
Sl Sl e T el s a8 5SS Clde
Tl A3y sl OF 51 S (3550 53 5 adls 5V
2O Shiisg 5 (Shph s opd el g S s

o3ls SO eSS il 5 eds g 63V s ‘djjcl‘“d))

[34] <l
Cr,03 + 2Al — 2Cr + Al,O3 + 530 KJ/mol ")
CrOsz + 2Al — Cr + Al,O3 + 1094 kJ N

PRV

Olge Cou a8 WL Les ol iy 555 Bl jue S,
(Self-propagating  high-temperature  synthesis) SHS
ot S5 sl St sl s s K 3 4l
22 e 5 b bl b ey 558 5 s Sl o (g5l
dauly 4 ol 3 pl 53 Sl o aas 5 Sliies el
o Sl e 03 S LS s ek iy 2 e STy
Pl 5 aney Lol s e ) sl byl o 1]
I ol 5 0,8 e K (nsitu) s Koy sdas
S s b sl S Ll IRl gdea Kl e Les
CldasS & (gybe dpd opd w8 SIS Sl e
52 S e o e a3 o)l e el
Tl 5 s e cnl 53 b call 5 ssls 5lde (e
[1-5] sl oo VU Lot U Jgmms OF a &S K50 0
(S35 3 By bl bls Tl esdle
sl slse Sl eslinad 5 e VU Sl B Sola
03 Bl i Gy one e Ol Sl 5015
e M 4 Gl S Gla ity bl oais el (g3l
Ll 5 Lol 0sss Jo o adyl slge JalS bl
Job anal b bS5 6,5 JSS 5 b STy ((Sealusgo 5
S T 53 el e Slga sl daulse Ol O35
Sl Vo byl 5 Jodos b Jsaoes sll 5 a2l
S 5 sl o3V eld wiS e EalS sl [6-10]
B35S 18 IS e T g s cnl s Bl
Lodle Olpen sl @8k oLy L Sl ol
s 53 adsl lge byl s Luedl 5l eslind
5 S g L2S1y Sl Ol g e Al-TiO2-B203-ZrO;
3 STy s bl &S 1 sy 2alS |y dol> gles
Al + TiO; + B20s+ ZrO; — Al,03+TiB2 + ZrBa. 3l x|
U] A4S o Jos oS 33, Olgieas 5 0050 odins STy
e Son 5 gom Ml (Slaptus (Bl e sla STy o

oLl 41.45 dubﬂ)ls 9 ujn >

sl s sy
05 S gllie oS el | S R Wl e Bl ls s i
oy sl k) S s (Dl sl laay] B
Lol U 5 e slT ns slacy sl cle (oo

OS5 e b Selw awe) glacysels b

!Z'T’“& JJL«_J‘WLR-}WJ&

Slae s shpsllis pidige 450



4

it Dby L koo = 0D (sudgo = bl hnes

(V) Jsir 3 el & by e Sl 2Sls (6 e S sl ol o
aS ol oslatul il V’““”ﬁﬂ 3aslse ol el ol
] kel S 5S sl ialie HLS s el pelde

e&'&w) L{.i).b 6)[5\.:«41 J\—‘Jjjﬁ S)9e LS)J}T’, L}l?:ﬂ 6“@}&4
L sk abime PBM 210 oligl Jue) (slo b dl-rj
e ‘/\~rpm e)l:.w Qb_}b e ¢Q}§)I )Lf M‘ e l;
K S 13 aids 100 odeas (YA 1M aladoes Ol 53

g5 ) G S 5 sl sbl Ol s sl

Al-Cro0s-Si slaginem 53 dlos S 5 Llecke Ailoa ]
A|-F9203, A|-Cr203, A|-F€203- A|-Fezo3-Cr203-NiO,
L ses Sl mﬂ)ﬂ 5SS gl S s s Cr0s,
anlas 5 40 (e B Sl e Gl RKen (6535 byl
ol Bl Gbadisel ol ol ol Ll 5 4
BERE ™ rl}u\ 6@&51) E) Q‘qu 6LA.> ‘;\fﬂ )jlaaad.s
(Differential 3l sl 5> U1 opesl cos gl
(Thermal Gravity Analysis) s DTA)Thermal Analysis)
DTA-TG, BAHR,Germany, o&iws 3l eslizl L (TGA
Ve oCmin (e S 5 5L s 055,0 heasl o STA 504,
Sl

5 Sl T s s addlas Guiss ool Sl G

Sy sdl e il gl g3 S
(Al-Fezos, Al-CI’zO3, Al-Crzog-Si, Al-Fezos-Cl'zog-Nio
)'( ealae! L %sz FEZOs-NiO, Al-Fezos-Cl’zos-NiO)
(Differential Thermal Analysis- | > 5JUT (sla bl
G5 5JUT 5 (DTA-GTA) Gravity Thermal Analysis)
Llss 5l lang oS 5 dlsa Cids js .l (S anil
b oosy obd sl a5 yue e 53 &l Blse (S50
Jobo 5B Ceale b 55elS s b CaselS Ll
Ay |y sy (5l (Sl s slasl (ki LS S

GRS gy 9 ol ge

LS5 SIS Ol s sl il eolel 5 5lpe
g tilos S 5 bl Al g5 51 3l
Al-Fe;03, Al-Cr,03, Al-Fe;03-Cr,03-NiO, Al-Cr,03-Si
el 5 s eaS sl D 55 3 Al-Fe203-CroOs,

S OS5 ps 538 3 Sl BNl aallas 3550 SO
ety 38 1 e 5 S 3 4 S S el
St e S AeS) (ol A ‘fx*:‘ﬂ Slayssy sk
3 S 5 eslaal syse adsl olse Olssh il 5 1SS
350 S Skl Gl Loy S5 () dsd)
el eld s G Ciltie Jele 3 eslizd

Afjjl )‘)ﬂ Olasia ) d}_l;—

adsl sl 5 ol oS L5 (1) sosls Ol (M) y3 651l
(ADe 0 S sLJT Merck 44/A 0
(Fe203) a1 4.1 Lil..| Panreac Q1 Y.
(Cr203)p 5 5 45| L Loba 44 Yo
(NiO) S 4! slaJT Merck 44/0 £0
(SDp somdes L Loba q4q g0

L;)\f)_JUTJ;_;DéﬁuJLb 3550 Soos b bl gls wisad (S35 Ao yd) pland S 5 Y Jodr

& g3 Al Fe203 | Cr203 | NiO | Si | Fe STy o led

S1 £ 1 - - - - s

S2 [34]v¢ /v+v - "0 o e = P S YA
S3 Yo - 00 - | v - 0

S4 | [29,30]\rsor | Vet 14 A BN IEAVLY IREPSN [ AV
S5 - A Y - -] - q

slye 5 5yl g ot

TET oS Dl ol s e S



S st I s s A5 (S5 s ol el

2Al +Fe;03 >Al:03+2Fe, AH = -) [35] e I S|
o Cans DTA v ol 5 ol a3 S ol (836kJ
35y el 4Bl Ral5l a1 OAS O3 Sl 13 eyl
il 8 gl a5 L AVOC sls 3 1S Sy
SH S5 S s by Ll e (V) S5 s S
&l [36] Al AHf = —ov/¥ kJ/mol? |85 Il L FeAl
S 035 Al ot ok p s I s Sl S e 035
il Ll 3 3 SO (g3ledle pde Sl oL
Cde o s a5 b psin gl b Sl g les o35 2
a8 sls s 23l S Ky S ol LT e
5 Sn g e M AT 3 p58 5 035 Dl a0 Jla
3 p-w-‘j—ﬂ S s sl s 4 1) AlOs 5L (S S
5055 35dome ol Llie JT LS5 a8 ol 5l OLES a]
3T (558 58 JSbay (5 058 st s 2 3LS1 e I
S5 bl al s e s TSl s 5050 e o

A1 e b el e

035 Aol JT LT Sl ey 0 4l 2 Al-Cr205-XAl e
g2 3> B gl sy s (_;LAV.:_...._M); v:ﬁj_fJKA oL
d—glﬁ"‘-’}—*w;—:’”—i-’)\-’u—wgi—iﬁ J_;Jjjé
S s 8 3 ol 56T 5, 5e (S2 4 5e) Al-Cr0s-XAl
Gk bglsee 4l sl ge s el sl () S5 s QT@L:,

A sl Bl e T

O oK 5l eslizal U b s (36 5 IUT . ol awasiie
L Cu-Ka pLisS 55, XPert PROMPD Jus S0 55
g S £ ey lnd 5 0 g 2T V080N 200 U b
WY iy plS s Ol el s T 0L s
Ve Yy edsdoms g axys 00 gy o8 el
XPert High Score ,1;-3p = 5l eslital L. 3 plawil a5

Ll 0l glabis Bl ngfl\): 34 g0 slasl le\

C‘;."ra.j@\.ﬁ

S 535 e S el U LT L T
2 Ll el oo 5 s 5 yoe T (sloa sl g
o ol daSl - Il il (gla g
Lol b Cand cpl 53 45 3 8 plonil 3131 551> U

2 S e O3 e s S 2

el S| _Wjﬂ ol a1zl 3 Al-FE203 st
U Cd s 2 3050 S S sl DI 5 (B 4500)
3 el odal (1) S 3 0 i a8 3 5 513 5~
ol Aol T LSS okl el al S 48 sl 5 5 L

(¥ STy dad

4Al+Fe;03 — Al,O3+2FeAl )

3V C lales 5o 8L 8 Sy s G S illas
J@#)%Pkﬁf%£@6°“°ﬂuﬁ-\-\ooc

3Al +Cr,03 + xAl— Al,Os+ CroAl +xAl (¢) 5 5
s oSl V‘MJ_H OLs 93 3l day L ("“"'U“ P
LS 5 el O Ll glinly 55 Koo e T 31 2|
20 4 897 °C
15 - 828 °C
10
— 5
)
= o
=
=L 1 1
100 °C 665 °C
-10 -
-15
=20 T T T T T 1
(o] 200 400 600 800 1000 1200

Temperature (°C)

S1 s sl ol T e ) IS

!Z'T’“& JJL«_J‘WLR-}WJ&

Ay s sl in



Y

it Dby L koo = 0D (sudgo = bl hnes

¥ =ALO,
H =AlFe
®=FesOy
X =A]

o AT 51 ST e gl oSOl anl B oS Y IS

20 ~

15 4

107 173 ¢

DTA (uv)

665 °C

942 °C

1331 °C

l

-10

0 200 400 600 800

1000 1200 1400 1600 1800

Temperature (°C)

S2 6503 gl ol T e TS

s on Al S Al T 56 25 as e 0L 1, S2
JSis as el ol 50l 1T s S (658 5L 5 g
WY sl 53 3la 8 S 555 ol 3 5udomn 3 S il
Lol s by o Al e 01 S (Sl s
315 Ll b (giluoslel T3 e 53 o8 3L (g3

.Q.w\o.laivdjbﬁ la)bu 4.;}»4.

2L S S Y 6182 4 gl o DTA s

BSi5 o by e o e 45 el \TYIC 5 48Y°C slales
Sl ploil ol gany 5 S AST L) 5 AlOs 5L
Dt eSS S G Al e 03 5 (1 GRS1) S e )
Slas 53 Sa § S S Les [37] ool CRAI 55 s
A3l o pase T OAS 3 4 by e oS 313 3510 C

103 Sl PSSl andl 3l el s S (8) IS Gilas

o 5 Sisllie ndign 20

TET oS Dl ol s e S



S st I s s A5 (S5 s ol el

YY

"<

v =410,
B =AlCr
o=_r

93 100 105

90

col o AT 5 a 82 el gl WSl anil 3l oS8 IS

4 S S Bl sl 53 58 Llia Il 55
el g S Sladliw 05 IG5 OLL &
5 ol asls (Saalys a5 (glaesls A3l o 5 S (slatilin
b el [17] a8 o b 1 g g pe nl V5 sl ST
035 d5e 5 o S Sladeliw S5 4S5 S 0L bl
5 S St el STl SLS 5 b &S Sl
S meS S5 Ol 55 n 5 0dds iy S pdome )l s 3l

[37] cosls iz | bt

5Cr + 3Si — CrsSis  AG =-202 Kj/mol Q)

5Cr + 8Al - CrsAlsA G =-182 Kj/mol ™)

(VJS2) oS ansl i s o5 DA 56 552
035 deST el 5 So 3 S hs (2S15 a5 Al o
S S IS5 O o a8 (A [22S15) Wil ol Jann 5
FRCHC NI Eyt SN PR NPT PP PCIUN o
e JS

Cr203 + 3/2Si —»2Cr + 3/2SiO; )

03,5 Ll J1 LT a0l vy gl - Al-Cr203- Si s
Sl et Lol (B SIS ClB el pa
poS el b b 5B oy SLS 5 5 Salas
Sl e s (S KE Sl b
S5 o T 5 andlas 555e (S3 4 5e3) Al-Cra05-Si
sl sl s el oel (0) K2 s O m s oS
SlS S g5 G2 L (0) Jisly b S8 W
bt Uy b b o Sa oS Llecke 5 058 el

A3 8 Ol CrSip 5 CraAl

5AI+2Cr;03+4Si — 2Al:03+Cr2Al+2CrSiz (0)
s T0°C las 5o LS 5 Sy S5 (0) IS ollas
e LT e S
e 53 V880 S IFYT AT e lales 55 [le S Sy 4
oLl Sl an3l 3y b SaSe; oS ol alb DTA
5 (VU Sl 0T 51 e S8 i sad (5, 4 S
S S ol St oLl Salusge 5 glaesls
S AL, oS 5 S ek e il 2V oDl S
o o 53 el (S s T (815 5,8 ST el
25 o 54 CISi 5 CrsSiz LS 5 5V slaVles 5 (sds
sl aSSlizean [37] A5,S o JSEVErE 5 YT slales

1EoT o Dl ol s e S

o s Sl ige & o



Yy

it Dby L koo = 0D (sudgo = bl hnes

25 + o
«—— 1200 °C
20 | 1024 °C
\Z 1326 °C
15 - l/
1404 °C
10 - z
g s-
=
2 9
/]\
-5 4
665 °C
-10
-15 -
-20 T T T T T T T T 1
Q 200 400 600 800 1000 1200 1400 1600 1800
Temperature (°C)
53 & 503 sl ol U e 0 IS
v A :i’}lzola
x .=(-r58|.3
®=CrSi
X =Cr,810,

ol BT 5 a8 sl (sl WSl il il oS S

1.05Fe+0.135Fe,03+0.175Cr,03+0.135NiO+0.71Al—
1.275Fe+0.35Cr+0.135Ni+0.355Al,03 M)

3 T0°C Glabes 55 Gl S Sy aw (V) IS il

Gl 4 ey b oS 55 e atalin V000 °C 5 AE°C
[38,39] L3 Dliiow gl slipan 5 (A IS oS0 anct
AlisFes 5o S5 S5 4 by s o o i
S IS 5 S a1 S5 adaul 5 4 ALOs (5,8 S
3L FeorCroaoNionr  glecd S5 L dels Jgloee 50
5 oAl sy s Ll ol Ll S5 S
L oS5 ol K oS A3l sl e 53 LS V,_;?A,ﬂ

Q_,:LB o (5\]_: . Al-FezOs-Cl’zOs—NiO ['.'-—mrw
Yozl 5 bSimps 5= al dalr Jslos 5US (5,5 IS0
A|-F6203-CI’203- L;;J:}\Jj) M BL 6J_lﬁu.:.> &:)L:SJS
ol 50T 5, 5 (34 45 50d) e nl 3 (5146 503 NIO
3y Ced il ool (V) IS 53 O el a5 3 8513
)Jd@‘é@ﬁﬁ#)}(/\)&f‘j&.bb}kﬁ@j‘
03 5 (S 0 5S giwsl Hldde oy wdll 555 7Y V““”jﬂ Ol 50 of
Sl U crl sdis 5Kl ol LFes0s i sdes s
N)ajoudj;;fwosﬁ&élf}ljl&pl}éua

.>ﬁj>)wjgw§)l>.ab\db-

o 5 Sisllie ndign 20

TET oS Dl ol s e S



ot I s g A 6 G 5 ol el

v

Fe203 + NiO — NiFe204 CY)
SHUT 5 A G a0 s 6l = X il G5 cab s
Al ST 5 S S| ) (S S8 (10 JS08) S5~
F b JalS (6,8 K sdiasOLES a8 das el OLES |
g:,,.,u\ &QJJDTAML}:)A cf’b a.LS.,\:;U)a:})

@ bye 1004 °C slos s 8L S S led o Co sl
ol (G Ao 3V b a0 s 5) il gl (550 56 b

sladises gl (4 ) DTA e Fe20s- NiO/..:....,..o
cles e 5 S K csle K Sden ol (g, 8LT
US o b S @ b e il e oS e3ls OLES [ VY4 eoC
VYou o€ L o 55 e e 355 (4 2ST5) L

Sl 0¥ Ol 561 550 0352 Y a by e il e

Al S S b IS se S USS 5 Osske
257 315°C 364 °C
20 | L 1000°C
15 + \/
10 -
ERER
= 0 |
= 732 °C
5 - 665 °C 1509 =C
-10
-15
-20 T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800
Temperature (°C)
S4 &5ai Gl ol LT e VIS
v v =aL0,
] B = CrpieFepsNioi
®=AlisFey

80

8 90 95 100 105

SA w500 gl WSl andl Bl oS A S

1E T S Dbt sl s o S

o s Sl ige & o



Yo

it Dby L koo = 0D (sudgo = bl hnes

DTA

a 500

1000 1500

(°C) L

Cole s el (LT 5 (62058 sl v o IS5 ST 5 ol ST (635 bgles 313l 5yl LT 4 IS

Counts

NiFe204 1

80 100 120

Position [-2Thetha(Cu)]

ol 5T e S ST 5 el ST (g5 5 blsne X anil G5 oS Ve S

ol NiFe20s S5 612
Ly O35 LoalS Lads gas aJS gl OF S2) TG 3JGT
Cmsbs Ol sl A e ka0l Wl S e S s e 0L
Jolse @S Ol o b Sl Gl et LB sl ge Ylazs|
Sl gla sty sbonl 5o Hlss O3St o Jasms

RGO IPTRARY

ol 3l oSl Oy Sl L (1)) S Gullas
VerroC ag VYo eoCl 1SS cmy b K8 glos sl 0 4
il U s 3 s Jeb Wsa Ll 5 e oS ey g
la s il aaaljan Cdde s A8k Skl Ol
ol B3 s O (Sl 258 (6551 AL dileny
Ol 5 oAl b IS oy 3 SKes  iles 5 sl
S b oS5 Sl Y Ol 58 (55 aminn 5 b
g SRS S
ol (Sl (5535 bg s 4 ses gl XRD 5T
LN ERE T Ajjf@ S das e Ol Celu 0 Sden

gl 5551 (6550 055 YL skims OLES &S (VY UK 5,8

o 5 Sisllie ndign 20

1E T S Dt il s o S



o Son st I Sl g2t A 5 (S0 5 Tl el AR

DTA

a 200 400 600 800 1000 1200 1400 1600

(°C) L

S 5S steal Sl 0 (Sl IS ST 5 pal ST g0 5 sl ol DTA gla e WY S
el 0 (Cocele SO wlew

Fel03 ©
No O

Relative Intensity

0 pli 4 0 80 100 120
Position [2 Theta(Cu)]

& 7058 gl Connis NTO 5 Fe203 (5350 b sloe ol w0503 X sl 5,85 6,80 1Y S

Cele 0 Sdeas sl (L8]

0 200 400 600 °C) .00 1000 1200 1400 1600

Cole 0 e 0l (518 Ll S ST 5 al ST (6055 bolsis TG e VY 02

TET oS Dl il s e S o s iy ollin pokige &



Yv ot Olalgy L5y does — S (Gl — bl drs

.;,;Lf&&xcj;vgtgﬁféby¢j§%% S 4o
S jds sV g3 56 Al-Fe203-Cr03-NiO s 4>-Y
AlO3 Sl 315 5 Feo7CroagNioar s 5 L

e s SuiselS gl 8 JSE Sl asn o
ﬁ“ﬁ”ﬁﬂ T T W F | e 03 Bl

S o S5 el S 3 esn sy AlFe03-Cri0s-NiO
k}h))ﬂ‘@‘jﬁy@\jﬁbdg&)yjé—i K;wje-eww)jbduﬂ))be-«\ﬁ]wb@@bd"
saban JS S5 e b Rl s s a5l 60 Ule

S S5 S 2 Ll a1 sl Lo sloa 3 i JT 038 505 )

SR DS 5 LSS Eely (6 e sS sl e
W A‘Es _ _ _
T 53 a5 sLajl Olpea ps,S ksl 5 ol dyle T

sy ol VT3 g iy
DS 5 S5 e 1 sl b ses (oo 2> LT

&y

[1] R. Tomoshige, A. Mumyama, T. Matsushita, “Production of TiB-TiN composites by combustion synthesis and
their properties,” Journal of the American Ceramic Society, vol. 80, no. 3, pp. 761-764, 1997.

[2] J. N. Reddy, “Mechanics of laminated composite plates and shells,” Theory and Analysis, vol. 2, pp. 856, 1997.

[3]J. Lapin, S. Stambor, M. Pelachov, O. Bajana, “Fracture behavior of cast in-situ TiAl matrix composite reinforced

with carbide particles,” Materials Science and Engineering: A., vol. 721, no. 1, pp. 1-7, 2018.

[4] A. G. Merzhanov, “Combustion processes for Synthesize Materials,” Journal of Materials Processing Technology,
vol. 56, pp. 222-241, 1996.

[5] Z. A. Munir, U. Anselmi-Tamburini, “Self-propagating high-temperature synthesis of hard materials,” Handbook of
Ceramic Hard Materials. vol. 1, no. 1, pp. 322-373, 2000.

[6] T. U. Anselmi, F. Maglia, G. Spinolo, Z.A. Munir, “Combustion synthesis an effective tool for the synthesis of
advanced materials,” Science and Technology: Chimica &Industria. vol. 1, no. 1, pp. 1-10, 2000.

[7] C. Yang, H. Guo, D. Mo, S. Qu, X. Li, W. Zhang, L. Zhang, “Bulk TiB,-based ceramic composites with improved
mechanical property using Fe—Ni—Ti—Al as a sintering aid, Materials,” vol. 7, no. 10, pp. 7105-7117, 2014.

[8] A. Mukhopadhyay, T.Venkateswaran, B. Basu, “Spark plasma sintering and mechanical properties a case study
with TiB»,” Scripta Materialia, vol. 69, no. 2, pp. 159-164, 2013.

[9] A. Turan, F.C. Sahin, G. Goller, O. Yucel, “Spark plasma sintering of monolithic TiB, ceramics,” Journal of
Ceramic Processing Research, vol. 15, no. 6, pp. 464-468, 2014.

[10]M.1. Terzioglu, S. Acar, M. Elmadagli, J. Hennicke, O. O. Balc, M. Somer, “Production of TiB, by SHS and HCI
leaching at different temperatures: Characterization and investigation of sintering behavior by SPS,” Ceramics
International, vol. 43, no. 2, pp. 2039-2045, 2017.

[11]T. Hungria, T. Galy, A. Castro, “Spark plasma sintering as a usful technique to the nanostructuration of piezo-

ferroelectric materials,” Advanced Engineering Materials, vol. 11, no. 8, pp. 615-631, 2009.

Spo s iy sllin pokige & TET oS Dl ol s e S


https://www.sciencedirect.com/science/article/pii/S0921509318302946#!
https://www.sciencedirect.com/science/article/pii/S0921509318302946#!
https://www.sciencedirect.com/science/article/pii/S0921509318302946#!
https://www.sciencedirect.com/science/journal/09215093

S st I s s A5 (S5 s ol el YA

[12]D. Ovali, M. Liitfi, “Investigation of mechanochemical synthesized tungsten silicides from WOs, SiO, and Mg
blends,” Solid State Phenomena, vol. 257, no. 1, pp. 47-51, 2017.

[13]T. Ebadzadeh, M. E. Ebrahimi, M. Zoriah Sayedi, Eds., Carbidha, Danesh Pouyan Javan Institute, 1385 (In
persian).

[14]M. S. Marashi, J. Vahdati Khaki, “The effect of aluminothermic reaction on the progress of carbothermic reaction
in simultaneous mechanochemical reduction of CuO and ZnO,” Journal of Alloys and Compounds, vol. 482, no. 1,
pp. 525-527, 2009.

[15] D. pzechki, M. Rajabi, S. M. Rabiei, G. Khayati, “The effect of alumina as a diluent on the combustion synthesis of
Al203-ZrB2 composite,” Advanced Materials in Engineering, vol. 34, no. 4, pp. 1-8, 2016.

[16] O. Balci, “Carbothermal production of ZrB2-ZrO2 ceramic powders from ZrO2-B203/B system by high-energy
ball milling and annealing assisted process,” Ceramics International, vol. 38, no. 3, pp. 2201-2207, 2012.

[17]B. Prabhu, C. Suryanarayana, L. Ana, R. Vaidyanathan, “Synthesis and characterization of high volumeferaction
Al-Al;O3 nanocomposite powders by high-energy milling,” Mater. Sci. Eng. A, vol. 425, pp. 192-200, 2006.

[18]M.O. Lai, L. Lu, W. Laing, “Formation of magnesium nanocomposite via mechanical milling,” Composite
Structure, vol. 66, no. 3, pp. 301-304, 2004.

[19]J.S. Benjamin, M.J. Bamford, “Dispersion strengthened aluminum made bymechanical alloying,” Metal, Trans. A,
vol. 8, no. 3, pp. 1301-1305, 1997.

[20]E.M. Ruiz-Navas, J.B. Fogagnolo, F. Velasco, L. Froyn, “One step production of aluminium matrix composite
powders by mechanical alloying,” Comp. Part A., vol. 37, pp. 2114-2120, 2006.

[21] C. Suryanarayana, “Mechanical alloying and milling,” Prog., vol. 46, pp. 1-184, 2001.

[22]S. Mishra, S.K. Das, P.P. Rupa, V.A. Shcherbakov, “Effect of alumina diluent on the fabrication of in-situ Al,Os-
Ti-ZrB, composite by self propagating high temperature synthesis dynamic compaction,” Metallurgical and
Materials Transactions B, vol. 37, no. 4, pp. 641-647, 2006.

[23]H. Roghani, S.A. Tayebifard, A. Kazemzadeh, L. Nikzad, “Phase and morphology studies of B4C-SiC
nanocomposite powder synthesized by MASHS method in B»Os, Mg, C and Si system,” Advanced Powder
Technology, vol. 26, no. 4, pp. 1116-1122, 2015.

[24]B. Nasiri Tabrizi, R. Ebrahimi Kahrizsangi, M. Bahrami Karkevandi, “Effect of excess boron oxide on the
formation of tungsten boride nanocomposites by mechanically induced self-sustaining reaction,” Ceramics
International, vol. 40, no. 9, pp. 14235-14246, 2014.

[25]S.M. Zebarjad, S.A. Sajjadi, “Dependency of physical and mechanical properties of mechanical alloyedAl -Al;O3
composite on milling time,” Mater. Design, vol. 28, pp. 2113-2120, 2007.

[26]H. C. Yi, J. J. Moore, “Review Self-Propagating High temperature combustion synthesis (SHS) of compacted
materials,” Journal of Materials Science, vol. 25, pp. 1159-1168, 1990.

[271M. A. Korchagin and N.Z. Lyakhov, “Self-Propagating High-Temperature Synthesis in Mechano activated

Compositions,” Russian Journal of Physical Chemistry B, vol. 2, no. 1, pp. 77-82, 2008.

1EoT o Dl ol s e S o s iy ollin pokige &


http://www.sciencedirect.com/science/journal/09218831
http://www.sciencedirect.com/science/journal/09218831
https://www.sciencedirect.com/science/article/pii/S0272884214008852?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0272884214008852?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0272884214008852?via%3Dihub#!
https://www.sciencedirect.com/science/journal/02728842
https://www.sciencedirect.com/science/journal/02728842

Y4 ot Olalgy L5y does — S (Gl — bl drs

[28]N.A. Kochetov, N.F. Shkodich, and A.S. Rogachev, “Effect of some mechanical activation parameters on the SHS
characteristics,” Bulletin of the Russian Academy of Sciences: Physics, vol. 72, no. 8, pp. 1059-1061, 2008.

[29]J. Feizabadi, J. Vahdati Khaki, “Fabrication of in situ Al203 reinforced nanostructure 304 stainless steel matrix
composite by self-propagating high temperature synthesis process,” Materials and Design, vol. 84, pp. 325-330,
2015.

[30]Q.S. Meng, S.P. Chen, F J. Zhao, H.X. Zhang, Z.A. Munir, “Microstructure and mechanical properties of
multilayer-lined composites pipes prepared by SHS centrifugal-thermit process,” Mat. Sci and Eng. A., vol. 456,
pp. 332-336, 2007.

[31] M. Sharifitabar, M. J. Vahdati Khaki, M. Haddad Sabzevar, “Effects of Fe additions on self propagating high
temperature synthesis characteristics of TiO2—Al-C—Fe system,” Int. J. Self-Propag. High-Temp. Synth. vol. 47,
pp. 93-101, 2014.

[32]1H. Xinghui, Y. Jingkun, “Phase and structure formation mechanisms of SHS synthesized composite coatings,”
Ceramics International, vol. 44, no. 7, pp. 8012-8017, 2018.

[33] K. Karczewski, S. Jozwiak, M. Chojnacki, “The influence of different additives on the kinetics of self-propagating
high-temperature synthesis during the sintering process of Fe and Al elemental powders,” Intermetallics, vol. 18,
pp. 1402-1404, 2010.

[34] X. H. Hou, J. K. Yu, M. K. Sheng, “Study on the preparation of the ceramic composite-lined steel pipe with the
SHS reaction system of Al-Fe203-Cr203,” Ceram. Int., vol. 43, pp. 11078-11082, 2017.

[35] X. Wenjun, Y. Sheng, L. Hoyi, “Microstructure and mechanical properties of stainless steel produced by
centrifugal-SHS process,” Journal of Materials Processing Technology, vol. 137, pp. 1-4, 2003.

[36]S. Mohammadkhani, E. Jajarmi, H. Nasiri, J. Vahdati-Khaki, M. Haddad-Sabzevar, “Applying FeAl coating on the
low carbon steel substrate through self-propagation high temperature synthesis (SHS) process,” Surface & Coatings
Technology, vol. 286, pp 383-387, 2016.

[37]C.L. Yeh,, J.Z. Lin, “Combustion synthesis of Cr-Al and Cr-Si intermetallics with Al203 aditions from Cr203-Al
and Cr203-Al-Si reaction systems,” Intermetallics, vol. 33, pp 126-133, 2013

[38]W. Xi, S. Yin, S. Guo., H. Lai, “Stainless steel lined composite steel pipe prepared by centrifugal-SHS process,” J.
of Mat. Sci., vol. 35, pp 45-48, 2000.

[39]C. Chen, J. Yang., S. Guo., C. Chu, G. Qiao and C. Bao, “Porous nano-Al203/Fe-Cr-Ni composites fabricated by

pressure less reactive sintering,” Mat. Chem. and Phy., vol. 128, no. 1-2, pp. 24-27, 2011.

Spo s iy sllin pokige & TET oS Dl ol s e S



S st I s s A5 (S5 s ol el A

TET oS Dl il s e S o s iy ollin pokige &



	2-kalantar.pdf
	2- kalantar

